Colwellia aquaemaris sp. nov., isolated from the Cynoglossus semilaevis culture tank in a recirculating mariculture system
, Colwellia polaris 537 T and Colwellia chukchiensis BCw111 T , with 97.7, 96.1, 95.9 and 95.0 % 16S rRNA gene sequence similarity to these strains, respectively. DNA-DNA relatedness of strain S1 T to Colwellia meonggei MA1-3 T was 23.5±3.6 %. On the basis of the phylogenetic and phenotypic evidence, strain S1 T is considered to represent a novel species of the genus Colwellia, for which the name Colwellia aquaemaris sp. nov. is proposed. The type strain is S1 T (5CGMCC 1.12165 T 5JCM 18479 T ).
The genus Colwellia, which belongs to the family Colwelliaceae, was originally proposed by Deming et al. (1988) in honour of the American microbiologist Rita R. Colwell. Species of the genus Colwellia are facultatively anaerobic, characteristically psychrophilic, sometimes barophilic bacteria. At the time of writing, the genus Colwellia comprised 13 species: Colwellia psychrerythraea, Colwellia hadaliensis (Deming et al., 1988) , Colwellia chukchiensis (Yu et al., 2011) , Colwellia maris (Yumoto et al., 1998) , Colwellia piezophila (Nogi et al., 2004) , Colwellia aestuarii (Jung et al., 2006) , Colwellia asteriadis (Choi et al., 2010) , Colwellia demingiae, Colwellia hornerae, Colwellia psychrotropica, Colwellia rossensis (Bowman et al., 1998) , Colwellia polaris (Zhang et al., 2008) and Colwellia meonggei (Kim et al., 2013) . All of the type strains belonging to the genus Colwellia were isolated from marine-related environments, such as seawater, marine sediments and the skin of marine animals. Some of them are psychrotolerant and were isolated from the Arctic and Antarctic sea.
During screening of the culturable heterotrophic bacterial population in a recirculating mariculture system, a novel bacterium, strain S1 T , was isolated from the Cynoglossus semilaevis culture tank. Physiological, biochemical and chemotaxonomic data, together with the results of a phylogenetic analysis based on 16S rRNA gene sequences, indicated that the novel isolate represents a novel species of the genus Colwellia.
For isolation of bacterial strains, the water sample was diluted 10-fold with sterile seawater, and a portion (100 ml) of 10
22
-10 25 dilutions was spread in triplicate onto loworganic seawater Luria-Bertani (LOLB) agar (containing 0.5 g tryptone, 0.25 g yeast extract, prepared using seawater) and incubated at 25 u C for 1 week. Single colonies on the plates were picked up and the bacterial strain S1
T was obtained by repeatedly streaking culture on new plates. Subcultures were performed using marine 2216 agar (MA; Difco) or marine broth 2216 (MB; Difco) and stored as glycerol stocks (15 %, w/v) Routine cultivation was conducted at 25 u C with MA medium unless indicated otherwise. The Gram reaction was determined as described by Smith & Krieg (1994) . Cell morphology was examined using phase-contrast microscopy (Axiostar plus, Zeiss, Germany) and transmission electron microscopy (JEM-1400, JEOL). Colony morphology was observed after incubation for 2 days. Catalase and oxidase activities, and hydrolysis of aesculin, gelatin, L-tyrosine, casein, starch, and Tweens 20, 40, 60 and 80 were determined according to the methods of Dong & Cai (2001) . Gliding motility was determined by direct microscopic examination of the edges of colonies. Oxygen requirement was determined by incubation in an anaerobic system (AnaeroGen, Oxoid). The temperature range for growth was examined in marine broth 2216 (MB; laboratory prepared, per litre of distilled water: 5.0 g tryptone, 1.0 g yeast extract, 19.45 g NaCl, 5.9 g MgCl 2 , 3.24 g Na 2 SO 4 , 1.8 g CaCl 2 , 0.55 g KCl, 0.16 g Na 2 CO 3 , 0.1 g iron(III) citrate, 0.08 g KBr, 0.034 g SrCl 2 , 0.022 g boric acid, 0.004 g Na 2 SiO 3 , 0.0024 g NaF, 0.0016 g NH 4 NO 3 and 0.008 g Na 2 HPO 4 , pH 7.6) incubated for 1 week, at 0, 4, 10, 15, 20, 25, 30 and 35 u C. NaCl requirement was conducted in modified MB supplemented with 0-6 % (w/v) NaCl (final concentration, in increments of 1 %). Growth at pH 5.0-11.0 (in increments of 0.5 pH unit) was tested in A1 medium according to the protocol of Choi, et al. (2010) . Carbon source assimilation was determined using API 50 CH strips (bioMérieux) according to the manufacturer's instructions. Acid production from carbohydrates was determined using the API 50 CH system with 3 % (w/v) NaCl added to the API 50 CHB/E medium (bioMérieux). Additional biochemical properties and enzyme activities were detected by using API 20NE and API ZYM strips (bioMérieux) according to the manufacturer's instructions. Susceptibility to antibiotics was carried out by using the disc diffusion method with filter-paper discs (Beijing Pharmaceutical Company) containing various antibiotics as specified in the species description. Growth inhibition effects were observed and estimated according to the method of Nokhal & Schlegel (1983) after incubation on MA (pH 8.0) for 3 days at 25 u C. Diameter of inhibition zone: ,10 mm, 10-20 mm and .20 mm represents resistant, weakly resistant and susceptible, respectively.
Colonies of strain S1
T were 1-2 mm in diameter, beige, circular, flat and smooth. Cells were Gram-stainingnegative, non-spore-forming, curved rods (0.4-0.661.0-2.0 mm) and motile by means of a single polar flagellum (Fig. S1 , available in the online Supplementary Material). The phenotypic characteristics are presented in the species description and Table 1 . It is noted that all the results obtained in this study for the reference type strains were consistent with those described previously (Jung et al., 2006; Zhang et al., 2008; Yu et al., 2011; Kim et al., 2013) . Strain S1
T could be differentiated from the reference type strains by the properties of macromolecule degradation, utilization of carbon sources, enzyme activities and acid production from carbon compounds (Table 1) .
Biomass for chemotaxonomic analyses was cultivated to late exponential phase on MA at 25 u C for 2 days. Genomic DNA was extracted according to the method of Marmur (1961) . The DNA G+C content was determined by the thermal denaturation method (Sly et al., 1986) , with Escherichia coli K-12 as a reference. Isoprenoid quinones were extracted from freeze-dried biomass and purified according to the protocol of Collins (1985) and analysed by HPLC (Wu et al., 1989) , with known ubiquinones extracted from the type species as references. Cellular fatty acids were analysed using the standard MIDI Sherlock Microbial Identification System (version 6.0), and peaks were identified on an Agilent 6890N Network GC system using the peak naming table TSBA6. To further distinguish strain S1
T from the type strains of closely related species of the genus Colwellia, DNA-DNA hybridization was performed in triplicate by using the initial renaturation rate method of De Ley et al. (1970) as modified by Huß et al. (1983) .
The DNA G+C content of strain S1
T was 40.1 mol% (T m ), within the range for members of the genus Colwellia. Strain S1
T contained Q-8 as the sole respiratory quinone, as in all members of the genus Colwellia. The dominant fatty acids of strain S1
T were C 16 : 1 v7c/C 16 : 1 v6c (23.9 %) and C 16 : 0 (16.2 %), in line with the four most closely related type strains of species of the genus Colwellia grown under the same conditions (Table 2) . Strain S1
T differed from them, however, by slightly higher proportions of C 12 : 0 3-OH (9.8 %) and C 16 : 1 v9c (7.0 %), and a lesser amount of C 17 : 1 v8c (4.5 %).
The 16S rRNA gene of strain S1
T was amplified from the genomic DNA according to Kim et al. (1998) and the PCR product was sequenced by SinoGenoMax, Beijing, China. Pairwise levels of similarity of the nearly complete 16S rRNA gene sequence (1408 nt) of strain S1
T were determined on the EzTaxon-e server (http://eztaxon-e. ezbiocloud.net/) by using identity analysis (Chun et al., 2007; Kim et al., 2012) . The 16S rRNA gene sequences of strain S1
T and related taxa were aligned by using the CLUSTAL X program 1.81 (Thompson et al., 1997) . The neighbourjoining tree (Saitou & Nei, 1987) , maximum-likelihood tree (Felsenstein, 1981 ; Fig. S2 ) and maximum-parsimony tree (Fitch, 1971 ; Fig. S3 ) were reconstructed using the MEGA program (version 5; Tamura et al., 2011) . Evolutionary distances were calculated by Kimura's two-parameter model (Kimura, 1983) , and the gaps/missing data treatment option chosen was pairwise-deletion. Phylogenetic analysis (Fig. 1 ) based on 16S rRNA gene sequences revealed that strain S1 T was placed in the genus Colwellia, and formed a distinct lineage in the phylogenetic tree together with Colwellia meonggei MA1-3 In addition to phylogenetic data, strain S1 T also showed some important properties, which are in agreement with those reported for the genus Colwellia, such as being strictly heterotrophic, facultatively anaerobic, positive for oxidase and catalase activities, containing Q-8 as the sole quinone, and C 16 : 1 v7c/C 16 : 1 v6c and C 16 : 0 as major fatty acids, further indicating that it is a representative of the genus Colwellia. However, strain S1
T could be distinguished from the type strains of closely related species of the genus Colwellia by ways of nitrate reduction, urease activity, hydrolysis of some substrates, utilization of some carbon resources and the activities of some enzymes, as specified in Table 1 . Furthermore, the results of DNA-DNA hybridization showed that the DNA-DNA relatedness of strain S1
T to Colwellia meonggei MA1-3 T was 23.5±3.6 %. 
Erythromycin (15) Combining the above phenotypic, chemotaxonomic and genotypic results, it is concluded that strain S1 T represents a novel species of the genus Colwellia, for which the name Colwellia aquaemaris sp. nov. is proposed.
Description of Colwellia aquaemaris sp. nov.
Colwellia aquaemaris (a.quae.ma9ris. L. fem. gen. n. aquae of water; L. gen. n. maris of the sea; N.L. gen. n. aquaemaris of seawater).
Cells are Gram-staining-negative, non-spore-forming, curved rods (0.4-0.6 mm wide6 1.0-2.0 mm long), motile by means of a single polar flagellum. Strictly heterotrophic, and facultatively anaerobic. Positive for oxidase and catalase activities. Colonies are 1-2 mm in diameter, beige, circular, flat and smooth on MA plates after incubation at 25 u C for 2 days. Growth occurs at 4-30 u C (optimum, 25 u C), at pH 5.5-10.0 (optimum, pH 6.5-7.5) and in the presence of 1-5 % (w/v) NaCl (optimum, 2 %); no growth occurs in the absence of NaCl. Nitrate is reduced to nitrogen gas. Hydrolyses aesculin, gelatin, starch, Tween 20 and Tween 60; but not L-tyrosine, casein or Tween 80. Negative for indole production, arginine dihydrolase, urease and b-galactosidase. In the API 50 CH test, Dglucose, maltose, D-galactose, aesculin ferric citrate and starch are utilized as carbon sources and acid is produced from D-galactose, aesculin ferric citrate and maltose in the strip. In API ZYM tests, alkaline phosphatase, leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase are present; activity of all other enzymes is absent. Q-8 is the sole respiratory quinone. The major fatty T and related species. Bootstrap values (expressed as percentages of 1000 replications) .70 % are shown at branch points. Filled circles indicate branches that were also recovered using both maximumlikelihood and maximum-parsimony tree-making algorithms. Vibrio halioticoli IAM 14596 T was used as an outgroup. Bar, evolutionary distance (K nuc ) of 0.01.
